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lished article [1] on the subject of groundwater age model-
tion presented by Ginn [3], and others (e.g. see [2]). We
fully agree with the fact that, on the one hand, ‘‘steady-ling and reservoir theory. In his previous comment [4], T.R.
Ginn expresses concern about some conceptual inconsis-
tencies in the formulations presented in our work. We basi-
cally agree with the fundaments of his comments, and we
wish to continue the discussion.
The ﬁrst part of T.R. Ginn’s comment relates that our
deﬁnition of the groundwater age pdf, gA = gA(x, t),
requires distribution over a speciﬁc probability space. This
is what one can ﬁnd in his article of 1999 [3], in which the
age pdf is distributed over the age dimension, say s, such
that gA = gA(x, t,s) corresponds to the transient age pdf,
which may ﬂuctuate along the time coordinate t when,
for example, signiﬁcant ﬂow modiﬁcations occur. The
main motivation which led us to work with steady-state
age pdfs, related to steady-state ﬂow regimes, is to be able
to beneﬁt from both forward and backward residence
times in the context of the reservoir theory, and further
more to combine these two variables (age and life expec-
tancy as deﬁned in [1]) for calculating total residence time
distributions within the aquifer. This strong hypothesis
might have been more emphasized in our article, in order
to make a clear distinction between the special case of
the (steady) groundwater age distribution we have pre-
sented, and the general case of the transient age distribu-
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perrochet@unine.ch (P. Perrochet).state ﬂow does not necessarily yield steady-state ground-
water ages’’ and that, on the other hand, simulating the
transient evolution of groundwater age distributions in
the time coordinate t can be of high importance, depending
on the hydrogeological problematic. However we have the
conviction that we explicitly stated in our article that we
make the hypothesis of steady-state velocity ﬁelds within
which the age pdfs at any location of the system are at
equilibrium. With this we mean that a steady-state ﬂow
regime is installed since at least the time-span required
by the slowest particle to reach the most remote discharge
zone. Given that, and as pointed out in the previous com-
ment, the time coordinate t and the age dimension s can be
taken as identical, and thus the transport equation for the
steady-state age pdf results in an advection–dispersion
equation of transient nature. On this occasion, we also
wish to mention our lack of comprehension about T.R.
Ginn’s choice of using steady-state velocity ﬁelds as an
assumption for introducing the general equation for
groundwater age transient-state distributions (Eq. (14) in
[3]). To our point of view, this general equation then loses
somehow its generality, since it just can be used to simulate
the temporal evolution of the age pdf towards an equilib-
rium state in an equilibrated ﬂow regime. Finally, it seems
obvious that, since we use the steady-state groundwater
age distribution equation from the beginning until the
end of our article, the derivation of temporal moment
equations from this equation can only yield steady-state
2moment equations, as for instance the steady-state form of
the mean age equation already introduced by Spalding [6],
and latter on by Goode [5], Varni and Carrera [7], or Ginn
[3], with extension to transient-state.
The second comment of T.R. Ginn focuses on the way
we introduced age as a random variable, even though the
adopted models remain fully deterministic (as mentioned
in the ﬁrst sentence of our abstract), i.e. without any ran-
domness of the parameters and boundary conditions.
Firstly, we may argue that the term ‘‘probabilistic’’ can
have various signiﬁcances and that in any case, the function
gA makes it possible to calculate, for example, a probability
that the age of water lies between two given values (say t1
and t2) or alternatively the fraction of the molecules in a
water sample with ages contained in the time interval
Dt = t2  t1. Our boundary value problems are conditioned
by the use of a time-Dirac delta function for the zero-age
ﬂux condition, the Dirac function being by deﬁnition a sta-
tistical distribution. Consequently, it seems logical to us to
report the calculated distribution of groundwater age by a
probability density function, or statistical frequency distri-
bution, and to make use of classical elements of descriptive
statistics and probability. Secondly, even if this has not
been a subject in our article, nothing prevents the modeller
from adding randomness in the characterization of param-
eters and/or boundary conditions in order to carry out a
probabilistic analysis of groundwater age. Moreover, as
in Ginn [3], our models are of advective and dispersive type
(excluding reaction terms), and they make use of the Fic-
kian constitutive theory for diﬀusion and dispersion to
express diﬀusive ﬂux as a way of describing diﬀusive and
pore-scale dispersive processes. We do not think that the
choice between a fully stochastic approach or a classicaldeterministic approach employing macro-dispersion as a
way of accounting for the uncertainty in the transport pre-
diction (mixing) is a subject that needs to be debated fur-
ther in the present discussion.
To conclude the present reply, with complete awareness
of the strong hypotheses inherent in our article (which to
our point of view have been justiﬁed enough with respect
to the aim of our work) we think that T.R. Ginn’s com-
ments can put light on some confusion that could arise
from a lack of distinction between the age probability space
and the time coordinate, and are beneﬁcial for any future
attempt of expansion of our approach.References
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